When cooking with beer and other alcoholic beverages the loss of ethanol relative to loss of water determines the final concentration of ethanol in the food, but predicting the rate of loss is not simple. Since many people for various reasons (drivers, pregnant women etc.) may strictly want to limit their ethanol intake, it is important to obtain knowledge on this topic. Knowing the final ethanol concentration in prepared foods is also crucial for precisely calculating the energy content of a food. In the current study ethanol was quantified using gas chromatography in ten foods prepared with beer: vinaigrette, pancake, carrot soup, rye bread porridge, steamed fish, spareribs, braised beef, rye bread and wheat bread before, during and after preparation. The estimated amount of ethanol per serving was calculated accordingly. The final concentrations in the foods were in the range from 2.62% (v/v) and 2.48% (w/w) to below detection limit. The highest estimated amount of ethanol per serving was accordingly 1.28 g which would be of little concern to most people. Theoretical concentration values calculated from the recipe were in most cases higher than the measured ones, since these values do not reflect the loss during preparation. Nor do the theoretical concentration values reflect the production of ethanol in yeast fermented foods as demonstrated by the rye bread in which case the measured ethanol concentration was higher than the theoretical. The heat-treated foods generally decreased in ethanol concentration during preparation, implying that a higher proportion of the initial amount of ethanol has been lost than of water. The decrease in ethanol concentration observed during cooking further implies that the cook can control the final ethanol content of a food by adjusting cooking time. The other parameter in control of the cook is the initial concentration as prescribed by the recipe.
Introduction
Alcoholic beverages are used as an ingredient in a variety of foods across cultures, not least in Denmark where beer traditionally has been used in staple foods like rye bread porridge (Jensen, 1953; Nimb, 1900; Strunge and Strunge, 1924 ). An extensive cooking literature focuses on traditional as well as innovative food preparations with beer or wine as an ingredient (Botelet, 2008; Ellis, 1975; La France, 1997; Waldo, 1958) . The use of alcoholic beverages in cooking has the purpose of adding flavour to the food but it may also change the texture of foods. One very common use is as cooking liquid in meaty dishes or as an ingredient in a sauce.
Relatively few scientific studies have explored the use of wine and beer in cooking. The changes in flavour when cooking with wine have been studied by Rognså (2014) and Snitkjaer et al. (2011) which both showed a loss of many volatile aroma compounds during cooking making the aroma of the wines more alike after cooking.
The health effect of using beer and wine marinades in food preparation has been studied by Gorelik et al. (2008) , Melo et al. (2008) and Viegas et al. (2012 Viegas et al. ( , 2014 who showed a reduction in the levels of carcinogenic compounds in meat when marinated in wine and beer prior to frying.
One concern when cooking with alcoholic beverages is the concentration of ethanol in the cooked dish. This is important when serving the food to pregnant women, children, drivers and to anyone who wants to control their alcohol intake strictly. The amount of retained ethanol during food preparation is also relevant for energy calculations of a meal since ethanol lost during cooking should not be counted as energy in the final serving. A few studies have been published on the topic (Augustin et al., 1992; Hansen et al., 2012; Helander and Bergström, 2001; Mateus et al., 2011) giving some insight on ethanol loss during cooking. Broader knowledge is however valuable in order to predict and not least control the remaining amount of ethanol relative to water when cooking with beer and other alcoholic beverages.
The current study provides knowledge on ethanol concentrations in ten types of foods and the corresponding amount of ethanol per serving. The study further provides knowledge on the change in ethanol concentration during cooking. The foods chosen comprise a range of different heat treatments and are prepared with different beers. The data provided and the following discussion on the general principles for ethanol loss upon cooking are intended to be used as a guideline for predicting the ethanol concentration in foods prepared with alcoholic beverages. The provided knowledge aims to help control one's alcohol intake and support correct energy calculations in foods prepared with alcoholic beverages.
Materials and methods
Ten foods were prepared according to Table 1. All recipes originate from cookbooks but were in some cases modified slightly in order to fit into the study. Details on sampling times are also given in Table 1 . In the case of steamed fish and braised beef samples of the meat/fish and the liquid were taken separately. Samples were frozen at À 18 1C prior to ethanol analyses.
Ethanol concentration was determined using static headspace gas chromatography mass spectrometry (HS-GC-MS). Each analysis was performed in duplicate.
For liquid samples, 1 ml of sample was mixed with 9 ml water in a 20 ml headspace vial and 50 mL of internal standard (9.99% methanol) were added. The ethanol concentrations of these foods are given as a volume percentage (also known as ABV).
Solid samples were weighed out for headspace analysis and results given as a weight percentage (also known as ABW). Samples of 15g were weighed into a 250 ml centrifuge tube and 135g water was added. The mixture was homogenised using a polytron type PT 10-35 homogeniser. Ten ml homogenised samples were weighed into a 20 ml headspace vial and 50 mL internal standard (9.99% methanol) were added.
Quantification of ethanol was done by creating matrixcalibration curves for each food. This was done by spiking the foods prepared without alcoholic beverage (using water instead). In case of the pancakes, rye bread, wheat bread, braised beef and spareribs, separate standard curves were made for the food before and after heat treatment. The bread was a special case because the'blind sample' prepared, substituting beer with water, contained ethanol due to the fermentation process. So for the dough and bread the standard addition method was used, with one non-spiked and 6 spiked levels.
Gas chromatographic analyses were carried out on a Trace GC Ultra gas chromatograph with a split/splitless injection port coupled to a DSQ quadrupole mass spectrometer (Thermo). Headspace sampling was carried out using a CTC CombiPAL sampler (CTC Analytics AG). Headspace sampling was performed after incubation at 60 1C for 10 or 25 min. 250 mL of the headspace was sampled using a 2.5 ml syringe thermostated at 90 1C. Samples were injected in splitless mode (3 min), and injection port temperature was 250 1C.
Separation of compounds (ethanol and methanol) was done using a CP-WAX 52 capillary column (50 m x 0.32 mm internal diameter, 0.45 mm film thickness, Agilent). Helium with a constant flow of 1 ml/min was used as a carrier gas. After injection the column was kept at 40 1C for 10 min, and then raised at 30 1C/min to 240 1C. The temperature of the transfer line connected to the mass spectrometer was set at 260 1C.
Detection was performed using a mass spectrometer in electron-impact (EI) ionisation mode with electron energy of 70 eV. Quantifications were performed in full-scan mode, mass range m/z 15-300, with a scan rate of 1.6863 scans/s. Total ion chromatogram (ethanol) and m/z 32 (methanol) were used for quantifications.
Results
A variety of foods were prepared with beer according to recipes. The foods were selected to represent a variety of heat treatments and ingredients. The ethanol concentration measured in the prepared foods, presented in Table 2 , range from not detectable (ND) to 2.62% (v/v) and 2.48% (w/w). Ethanol concentrations in foods must be evaluated in relation to the amount of the food normally consumed within a meal. Serving sizes are estimated according to Ygil (2013) and the corresponding amount of ethanol per serving is presented in Table  2 . The highest value of 'ethanol per serving' is 1.28 g, which corresponds to no more than 11% of a lager type beer (330 ml, 4.6% v/v), which contains approximately 12 g ethanol.
In addition to the measured ethanol concentrations, theoretical ethanol concentrations have been calculated based on the recipe, without considering the loss during preparation, see Table 2 . These theoretical ethanol concentrations are as expected generally higher than the measured concentrations in the final products. Rye bread and vinaigrette are exceptions. Table 1 Recipe of ten foods prepared for the study. References to the original recipe are given (except for wheat bread); preparation of the dishes is slightly modified from the original recipe in order to fit the experimental design. Blank samples for the gas chromatographic determination of ethanol were prepared by substituting beer for water in the recipe. Meat was pre-roasted at 3001 C in hot air oven (Rational) with oil for 10 min. Additional ingredients were added to the roasting pan which was covered with a lid and the dish was braised at 150 1C for 180 min in hot air oven (Rational). Samples were taken both from meat and liquid at time 0 (just after all ingredients had been added), and after 180 min of braising. Additionally liquid samples were taken at 60 and 120 min. Two replicate batches were prepared. Rye bread (Bogø and Stig, 2005) Gamle Carlsberg Porter, 7.8% 600 g Day 1: Buttermilk was mixed with 100 g rye flour, 5.5 g salt and 10 g yeast. Dough was leavened for 17 h at 22 1C. Day2: Water, 400 ml porter, 450 g rye flour, wheat flour, apple, 11 g salt and sugar was added to the soured dough and kneaded by hand. Dough was leavened 17 h at 221 C. Day 3: 400 g rye flour, 200 ml porter and 11 g salt was added to dough and it was kneaded by hand. 1300 g of dough was placed in a 1 L tin and leavened for 90 min at 20 1C. Baked for 60 min in a preheated hot air oven (Bosch) 170 1C. Samples were taken on day 3 only, from the leavened dough and from the baked bread. Two replicate batches were made.
Buttermilk ( Among the foods prepared with beer, vinaigrette was the only one not heat treated. The concentration of ethanol in the vinaigrette was 2.62% (v/v), as shown in Table 1 , which is generally high compared to the cooked foods. Using a serving size of 15 ml vinaigrette one would consume 0.31 g ethanol in one serving. The theoretical ethanol concentration calculated from the list of ingredients is 2.26% (v/v). The difference between theoretical and measured concentrations may be the result of inaccuracy in calculating the theoretical value since some inaccuracy of mass calculations of the ingredients and the labelled ethanol concentration on the beer is expected. A decrease in ethanol concentration over time may have occurred if the vinaigrette had been kept either in fridge or at room temperature, particularly if stored in an open container, but this was not investigated in the current study. In a similar study, Augustin et al. (1992) reports a decrease in ethanol concentration from 2.06% to 1.77% (w/w) of a brandy pie during cold overnight storage in an uncovered container.
Pancakes are known in many food cultures, although the recipes may vary considerably with respect to the choice of liquid, flour type and leavening agent. In Denmark beer has traditionally been added to pancake doughs (Strunge and Strunge, 1924) . As shown in Table 2 the pancake dough prepared with beer contained 0.28% (v/v) ethanol, which resembles the theoretical value, while the finished pancake (baked 2 min on the pan) contained only 0.11% (w/w) ethanol. This concentration is lower than many fermented breads prepared without alcohol as evaluated by Logan and Distefano (1998) . The ethanol intake from consuming these pancakes is correspondingly very small, 0.06 g per pancake, assuming a pancake size of 50 g.
The rye bread porridge (in Danish: 'Øllebrød', which literally means 'beer bread') is a very traditional dish in Denmark made from (stale) rye bread, beer and sugar and served with cream. The bread is usually soaked in beer and then cooked in beer and/or water. In our experiment, the Table 2 Theoretical and measured concentrations of ethanol ( 7standard deviations) in various foods. ND ¼ Not detectable. The theoretical values are calculated based on the amounts given in the recipe, the labelled ethanol concentration in the beverage and estimated densities of ingredients. Liquid foods are quantified as a volume percentage (v/v) and solid samples as a weight percentage (w/w) and the numbers are given as mean7 standard deviation (n¼ 2 or 3, depending on dish). Serving sizes are estimated based on report by Ygil (2013) and the amount of ethanol per serving determined accordingly. Wheat breads (WB) differ in way they are leavened: yeast-slow (20 h using 0.6% yeast based on flour weight), yeast-fast (1.5 h using 5.6% yeast based on flour weight), and SD-slow (20 h using sourdough). ethanol concentration in the uncooked rye bread porridge was 1.81% (w/w) which decreased to 0.40% (w/w) during the 11 min of cooking, see Fig. 1 . The theoretical concentration calculated is 1.87% (w/w) which is close to the measured initial concentration, but much higher than the actual concentration in the cooked porridge. The concentration in the cooked porridge corresponds to an intake of 1.00 g ethanol when consuming one serving of 250 g, see Table 2 . As seen from Fig. 1 , the decrease in ethanol concentration was steep from 3 min onwards, at which time the porridge reached the boil. The steep decrease with time indicates that the cooking time is an important factor for the final concentration of ethanol; in case of only 5 min cooking, the concentration would have been approximately 1.2% (w/w) and the ethanol intake correspondingly higher.
The carrot soup had a similar preparation time, 10 min, although in this case beer was added to the boiling soup. The first sample (corresponding to time 0) was taken after adding the last ingredients at which time the beer had already been in the pot for one minute. Results, presented in Fig. 1 , show a slight decrease in ethanol concentration during cooking, from the initial 0.84% (v/v) to the final concentration of 0.65% (v/v). The relatively small decrease in ethanol concentration during cooking observed in this case could be due to a considerable loss of ethanol in the first minute after adding the beer, prior to sampling. This assumption is supported by the theoretical ethanol concentration, which is 1.39% (v/v), much higher than the first measured concentration (time 0). Assuming a serving size of 250 ml one serving contains 1.28 g ethanol, which is comparable to the porridge and the steamed fish.
The steamed fish was prepared by steaming fish and vegetables for 30 min in beer. As seen from Table 2 , the resulting ethanol concentration was 0.80% (v/v) in the liquid part and 0.49% (w/w) in the fish meat. The liquid was initially pure beer with an alcohol concentration of 5.9% (v/v) according to the label. During steaming the beer was diluted with juice from the vegetables and the fish and ethanol evaporated, which caused the ethanol concentration to drop considerably. Assuming that the fish did not contain any ethanol before cooking, it has apparently absorbed some during the steaming. Consuming a serving size of 125 g fish plus 75 ml liquid one would get 1.09 g ethanol plus possibly a little from the vegetables, not included here.
The spare ribs demonstrate another use of beer in cooking. In this case the meat was marinated in a beer-containing marinade prior to roasting. As seen from Fig. 2 and Table 2 the ethanol concentration was low, 0.22% (w/w), to begin with and ethanol was not detectable after 90 min in the oven. The theoretical concentration was 0.25% (w/w), resembling the initial value. Studies have shown a reduction in the level of carcinogenic compounds when marinating meat in beer or wine prior to frying (Gorelik et al., 2008; Melo et al., 2008; Viegas et al., 2012 Viegas et al., , 2014 . Based on the current study, one can marinate meat in beer without the risk of alcohol intake when applying a long heat treatment. Mateus et al. (2011) studied the ethanol concentrations in steak marinated in beer or wine and grilled eight minutes. They report a concentration in grilled steak of 0.153% (w/w) when marinated in wine and 0.08% (w/ w) when marinated in beer. Using wine for the marinade combined with a much shorter heating time apparently resulted in a considerably higher ethanol concentration in the grilled steak. One has to consider both the amount and choice of alcoholic beverage used but also the heating applied. The braised beef, braised in the oven for 3 h, represents the most intense of the heat treatments applied in this study. The dish was prepared with both beer and wine in order to study effect of the choice of beverage on the ethanol concentration in the dish. The ethanol was quantified in the meat and the liquid separately. The beer-braised meat contained 0.06% (w/w) ethanol and the wine-braised meat 0.08% (w/w) ethanol as shown in Table 2 . The meat used for beer-braising contained 0.04% (w/w) ethanol before preparation and thus no significant absorption of ethanol took place in the meat during braising. The meat part of the dish consequently contributes very little to the alcohol intake whether wine or beer is used as braising liquid. Fig. 2 shows how the ethanol concentration in the liquid part of the braised beef decreases as a function of cooking time. The liquid consisted of pure wine or beer to begin with and the ethanol concentration just before entering the oven (time 0) was accordingly high. There is, however, a dramatic decrease in ethanol concentration during the cooking time. As shown in Table 2 , the final concentrations in the liquid after 3 h of cooking are 0.22% (v/v) for wine and below 0.02% (v/v) for beer. Fig. 2 also shows that the choice of wine versus beer matters more in the case of a shorter braising time, and presumably less with a longer braising time. After just 1 h of braising, the ethanol concentration in the liquid part of the beer-braised dish has dropped to just below 1% (v/v) whereas it takes 2 h for the ethanol concentration to reach this level in the liquid when using wine for braising. In the study by Mateus et al. (2011) ethanol concentrations were measured in three comparable dishes, fish stew, beef bib and hunter rabbit, that had simmered 45-60 min. The concentrations reported were in the range from 0.02% to 0.67% (w/w) and depended on the dish and the amount of wine added.
Assuming a serving size of 100 g meat plus 75 ml liquid the intake would be 0.21 g when braised with wine and 0.07 g when braised with beer (see Table 2 ). This value is comparable to the meat dishes prepared and evaluated by Augustin et al. (1992) who report 0.2 g per serving in case of 'Pot roast Milano' which simmered with wine for 2½ h and 0.4-0.6 g in 'orange chicken burgundy' simmered in wine for 10 min. Augustin et al. (1992) moreover report values in the range of 1-3 g ethanol per serving in the additional dishes that were studied (scalloped oyster, Grand Marnier sauce, flamed cherry jubilee and brandy pie).
Wheat bread is a staple in many Western food cultures. Water and dairy products are the common liquid ingredients; recipes with beer are however also widespread. Purified yeast and/or sour dough are common leavening ingredients. Yeast added either as purified yeast or as part of a sourdough contributes to the ethanol concentration in breads since ethanol is produced during yeast fermentation. In the current study, three wheat breads (WB) were prepared with beer using three leavening methods, varying in leavening agent used (yeast 0.6%/yeast 5.6%/sourdough) and leavening time (1.5 or 20 h). The results, presented in Table 2 , show that the ethanol concentrations range from 0.59% (w/w) when using sourdough to 0.85% (w/w) using yeast. For comparison ethanol concentration in plain wheat bread reported by Grosch and Schieberle (1991) are 0.39% (w/w) in crumb and 0.18% (w/w) in crust. In the study by Logan and Distefano (1998) ethanol concentrations in a variety of industrial baked products are reported in the range from 0.03% to 1.662% (w/w), of which the baked goods with the higher concentrations ( 40.5%) all contain fruit, onions or brandy.
The higher ethanol concentration when using pure yeast as compared to sourdough in the current study is supposedly caused by a higher ethanol contribution from the yeast fermentation when using pure yeast as compared to using sourdough that contains acetic acid and lactic acid bacteria as well as yeast. This can be studied further in Fig. 3 , which shows how the ethanol concentration develops during the preparation steps: unleavened dough, leavened dough and bread. The ethanol concentrations in the three unleavened doughs made with beer are similar, ranging from 0.95% (w/w) when prepared with sourdough to 0.99% (w/w) when prepared with yeast (slow), which is slightly lower than the calculated theoretical concentrations in the dough ranging from 0.98% to 1.04% (w/w). After leavening the slowly yeast-fermented dough reaches the highest ethanol concentration, 1.52% (w/ w), followed by the fast leavened yeast dough and the sourdough-fermented dough. These observations show that both the added beer and the fermentation process contribute to the final concentration of ethanol and further show that the choice of leavening method influences the amount of ethanol present in the bread. The production of ethanol during yeast dough fermentation has been studied by Jayaram et al. (2013) . They measured the ethanol content in wheat doughs as a function of fermentation time (0-180 min) with yeast concentrations ranging from 1.0% to 5.3% (w/w, based on flour weight) at 30 1C. They clearly demonstrate that ethanol concentration in the dough increases with higher yeast concentrations and longer fermentation time. In the dough containing 5.3% yeast (comparable to the fast fermented dough in the current study) ethanol concentrations increased from 0 to approximately 1.6% (w/w) in 3 h. These findings indicate that the fermentation process produces a considerable amount of ethanol in yeast-raised breads and that this is important to consider when evaluating the alcohol intake in relation to bread consumption. Fig. 3 further shows that ethanol concentrations decrease in the three wheat doughs during baking (20 min) but remain in the same order with respect to the final ethanol concentrations. The decrease in ethanol concentration during baking is explained by evaporation. The evaporation of ethanol during baking may, however, to some extent be counteracted by the continuous production of ethanol during baking, which can take place until the elevating temperature is sufficient to inactivate the yeast cells. Based on the presented results a slice (45 g) of bread prepared with beer contains 0.27-0.38 g ethanol.
Bread made from rye is a staple in Denmark and many recipes prescribe the use of beer. Rye bread is traditionally made with sourdough and a correspondingly long fermentation time. In the present experiment a rye bread was made according to a recipe with beer. Ethanol concentrations were measured in the leavened dough and in the bread. As shown in Fig. 3 , the ethanol concentration in the leavened dough was 2.82% (w/w) when made with beer and 1.22% (w/w) when made with water (blank sample), demonstrating that the high concentration in the beer dough is caused partly by the added beer and partly by the fermentation during the long leavening time (35½ h in total). The theoretical concentration values for the rye bread are 1.41% (w/w) with beer and 0% without beer (presented in Table 2 ), which in both cases are considerably lower than the concentrations measured in the leavened dough, demonstrating the increase in ethanol concentration during leavening, where fermentation takes place.
From Fig. 3 it can also be seen that the ethanol concentration drops from 2.82% to 2.48% (w/w) during baking of the dough with beer whereas the concentration of the dough with water maintains almost the same value after baking. In both cases the drop in ethanol concentration during baking of the rye breads for 60 min is smaller than the case of the wheat breads presented above in the same figure, baked for only 20 min. Whether this is the result of a more efficient retention of the ethanol in the rye bread and/or due to more efficient yeast fermentation during the baking is uncertain. The resulting homemade rye breads contain 2.48% (w/w) ethanol when made with beer and 1.21% (w/w) ethanol when prepared with water, which is a surprisingly high concentration compared to the theoretical values (1.41% and 0% w/w, with and without beer, respectively) but also relatively high compared to the results of the wheat breads presented above and the values reported in the literature (Logan and Distefano, 1998) . For comparison ordinary plain rye bread (without beer) was purchased in a bakery and a supermarket. The ethanol concentrations in the purchased rye breads, as shown in Table 2 , were somewhat lower, 0.24-0.34% (w/w). These values resemble the level reported by Logan and Distefano (1998) , who found a concentration of 0.33% (w/w) in a commercial sourdough rye bread. When consuming the homemade rye bread one would get 1.12 g ethanol per slice of rye bread with beer and 0.54 g in case of the rye bread prepared without beer. In case of the purchased rye bread one would only get no more than 0.15 g per slice of bread. The most prominent explanation for the high concentrations in the homemade rye bread is the very long leavening time, giving time for the production of ethanol by yeast. There is apparently also a high retention during baking which is promoted by the baking tin and possibly also the crust formation on the bread.
Discussion
Since the estimated intake of ethanol per serving is maximum 1.28 g for the foods studied as compared to 12 g in a 4.6% (v/v) lager beer, the ethanol intake is considered to be of little concern to most people including children, pregnant women and drivers. It is however recommended to be careful if one decides to add alcoholic beverages to many components in a meal, since the total ethanol intake will add up. It should also be kept in mind that the concentration in a similar dish may be noticeably higher than reported here if the initial concentration is higher or the preparation technique is different. These results can therefore only be seen as a guideline for the chef and the consumer.
People with alcohol misuse and prescribed disulfiram drug are of a particular concern, since treatment with disulfiram drug causes a 'hangover' at small concentrations of ethanol in the blood. Mild effects may occur at blood alcohol concentrations of 5-10 mg/100 ml, a limit that in theory would be exceeded if for example a woman weighing 50 kg consumes two gram alcohol instantaneously in which case her blood The figure shows mean data with standard deviations (n¼2). The wheat breads were prepared with beer with one exception (WB water) and are defined by the leavening agent used and the leavening time: yeast-slow (20 h using 0.6% yeast based on flour weight), yeast-fast (1.5 h using 5.6% yeast based on flour weight) and SD-slow (20 h using sourdough). Rye bread was prepared with beer according to recipe and with water, substituting beer for water in same recipe. In case of the rye breads there is no data on ethanol levels in dough before leavening.
concentration can be expected to reach 7 mg/100 ml. Consequently, people taking disulfiram need to be very conscious about the alcohol concentration in foods, whether the alcohol originates from alcoholic beverages or from yeast fermentation during processing. It is however important to point out that the concentration in the blood stream is dependent on the rate of alcohol consumption, body weight of the consumer (Center for Substance Abuse Treatment, 2009) and type of beverage (Mitchell et al., 2014) . It has additionally been shown that ingestion of food slows down the absorption of alcohol into the blood stream (Jones et al., 1997) .
The measured ethanol concentrations in the prepared foods were generally lower than the initial concentration and lower than the initial concentration estimated based on the list of ingredients (theoretical concentration). These findings support the claim that energy calculations in a dish containing ethanol cannot be calculated correctly from the recipe alone. Since ethanol has a relatively high energy content, 29 kJ/g, precise information on ethanol concentrations is necessary in order to estimate the energy content of a meal correctly. In case of foods prepared with alcoholic beverages as in the current study, the energy content would often be overestimated if based on the recipe only.
The differences between the theoretical ethanol concentration values and the measured ones in the final prepared food product are generally high for the most intensively heated foods like the braised beef corresponding to the shown substantial decrease in ethanol concentration during preparation (see Fig. 2 ). It seems that the heating applied during preparation is at least to some degree associated with the decrease in ethanol concentration during preparation, as also claimed by Augustin et al. (1992) . A deeper quantitative understanding of the effect of time and temperature on the loss of ethanol relative to water has however not been obtained.
With better knowledge on the final ethanol concentration in a range of foods prepared with alcoholic beverages, more basic scientific questions arise such as which parameters are essential for the retention of ethanol during cooking and how the resulting ethanol concentration can be controlled.
When using beer or any other alcoholic beverage for food preparations, the loss of ethanol will be caused by the volatility (as determined by Henry's law) of ethanol in the matrix; the volatility is dependent on temperature and increases with increasing temperature. Because of this temperature dependence a more severe loss of ethanol must be expected when temperatures are raised during heat preparation. The loss of water is however also dependent on temperature and water evaporation will also increase with increasing temperature. The change in ethanol concentration during cooking of foods containing both water and ethanol will depend on both water and ethanol loss. If ethanol concentration remains the same during food preparation the explanation may be that both ethanol and water are retained efficiently in the dish, or it may be that ethanol and water are lost at a rate that corresponds to the initial concentration. If ethanol on the other hand is lost at a rate that is higher than that of water (relative to the initial concentration), a decrease in ethanol concentration will occur. A decreasing ethanol concentration over time during cooking has been observed in the current study as well as in the two similar studies by Augustin et al. (1992) and Mateus et al. (2011) . These studies as well as the present one do not state the loss of water upon cooking which would be useful in order to get a deeper understanding of the changes in ethanol concentration reported.
A fundamental understanding of ethanol loss during cooking can be hard to derive from studies on complex dishes. In a more simple study, Helander and Bergström (2001) quantified ethanol in mulled wine upon heating in an open pot. The result showed a decrease in ethanol concentration from the initial 14% (v/v) to 5% after five minutes. They further quantified ethanol in four water-ethanol mixtures with initial ethanol concentrations of 5%, 10%, 20% and 40% v/v, respectively, which had been cooked for five minutes in an open pot. These authors found that a higher initial concentration resulted in a higher final concentration although the final differences were smaller. They also reported that when heating the 20% waterethanol mixture the ethanol concentration decreased linearly over time during the first five minutes of cooking.
The initial concentration (the recipe) is one parameter that can be controlled in the kitchen. Choosing beer over wine will decrease the ethanol concentration but in many cases like for example the braised beef, the differences in the final dish are negligible. The choice of beer versus wine may easily have a much higher impact on the final flavour of the dish than on the ethanol concentration. Mateus et al. (2011) investigated the influence on initial ethanol concentration in two dishes, fish stew and beef bib, cooked for 35 and 60 min respectively. They found a significant higher concentration in the cooked dishes when increasing the initial concentration from 0.67-2.01% (w/w) in the fish stew and from 0.46-1.38% (w/w) in the beef bib. The concentrations were however all below 0.7% (w/w) and thus the differences would be of little importance to most people. Generally it can be said that in those foods where ethanol concentration changes only little during the preparation, the initial concentration will have a high impact on the final concentration, like the vinaigrette. In foods that decrease considerably in ethanol concentration during preparation, like the braised beer, the initial concentration is of less importance.
The cooking time is another parameter that has an impact on the final ethanol concentration of a food. In case of a very steep decrease in concentration with time, the cooking time matters very much for the final concentration, and less so in those foods were ethanol concentration is less dependent on cooking time. Cooking time can to some degree be controlled in the kitchen, but the chef will of course need to think about other quality parameters as well when deciding upon cooking time.
Based on the obtained results in the current study, many other questions arise related to which parameters affect the loss of ethanol during food preparation. How much impact does the temperature have on the change in ethanol concentration over time? Augustin et al. (1992) suggest that the 'severity' of the heat treatment determines the alcohol retention but the effect of temperature and time has not been systematically investigated.
Does the choice of heating method make a difference, for example oven heating versus heating in a pot? Augustin et al. (1992) suggest that an oven baked dish retains alcohol more efficiently due to a lower rate of heat transfer in dry heat systems as compared to a more efficient rate of heat transfer in wet heat systems such as simmering. This has likewise not been investigated systematically.
How much impact does the food matrix have or the matrix of the surface of the food? Augustin et al. (1992) suggest that bread crumbs on their scalloped oyster dish have retained the ethanol efficiently during oven cooking. In the current study we found a surprisingly high ethanol concentration in the homemade rye bread which may at least partly be caused by an efficient retention of ethanol by the crust during baking.
Do the dimensions of the pot have any influence on the ethanol concentration? Augustin et al. (1992) suggest that a larger diameter in the pot leads to a sharper decrease in concentration based on their results although this has not been investigated thoroughly.
In conclusion the study has contributed to an increased knowledge on ethanol concentration in foods prepared with beer, the expected intake of ethanol per serving and how this may be controlled by the cook. A number of questions related to the fundamental understanding of ethanol loss during cooking arise from the study, which call for further studies in the field.
